I. INTRODUCTION
With the rapid development of social economy, the economy continues to grow. At the same time, it also brings a series of problems, especially in the context of an energy crisis and environmental pollution [1] . British Petroleum (BP) released the sixty-fourth world energy statistics yearbook on June 10, 2015. The statistics show that renewable energy consumption continues to grow and the renewable energy available for exploitation is still insufficient [2] . The shipbuilding industry has brought great economic benefits and caused serious pollution [3] . Pollution from the shipbuilding industry has accounted for 7 % of global pollution. Harmful gases caused by ship emissions pollution of marine environment pollution accounted for 33 % [4] . The international community attaches great importance to marine pollution. The International Maritime Organization (IMO) has begun to study ship CO2 emissions. The international ship anti-pollution Convention (MARPOL) states parties to the Convention early in the 1997. The IMO has been studying the relevant content. The International Maritime Organization (IMO) and the Marine Environment Protection Committee (MEPC) held the 62nd session on July 15, 2011. Based on "the protocol of 1978 revised 1973 international prevent caused by ship pollution convention" Annex VI amendments, they determined the "new ship energy efficiency design index (EEDI)" and "ship energy efficiency management plan (SEEMP)" energy efficiency standards [5] , [6] . According to the standard, it requires that the new ship energy efficiency is increased by 10 % from 2015 to 2019 and achieves the same growth rate every 5 years. For a relatively large number of ships, the IMO used the EEOI index method to evaluate the level of operating efficiency in 2009 [7] . The index reflects the CO2 emissions of ships in operation. Improving the energy efficiency of the ship can reduce the emission of CO2 and environmental pollution.
Researchers [8] - [11] in various countries have done significant research on reducing the emission of CO2. Through the calculation and analysis, Sun [12] et al. found that the navigation environment can significantly affect the energy efficiency of inland ships. Chang [13] found that the best deceleration is a dynamic process and mainly depends on charter rates and fuel prices. By applying a profit maximizing equation to estimate the economic efficiency of the specific route, James [14] found that the reduction of CO2 emissions and the costs of the ship can be reduced by reducing the speed of the ship. Haakon [15] conducted a survey on the emissions and costs of time fleet and found that there was great potential for reducing CO2 emissions in transport, which could be reduced by 19 %. These studies have contributed to reducing CO2 emissions and environmental protection.
In order to protect the ecological environment and reduce A New Numerical Modelling Method for System Energy Efficiency Calculation Xin Song 1 , Chengqing Yuan 1 nonrenewable energy consumption, research and development of clean and reproducible energy must be increased [16] . In new and renewable energy, solar energy has a wide distribution, convenient use, no pollution, and is inexhaustible [17] - [19] . It is becoming the focus of research in the world. Solar photovoltaic technology has become the fastest growing new clean energy technology in the field of renewable energy, relay wind power and hydropower [20] . Because it produces no emission, no noise pollution and does not affect the ecological environment in the process of generating electricity. The application of solar energy in ships has become the most important way to solve the problem of energy consumption with the inevitable trend of the development of energy conservation and emission reduction in the shipping industry [21] .
Because the application of the photovoltaic system in ships is still in the development stage [22] , [23] , in general, the evaluation of the energy saving effect for the solar energy is estimated by the product of the estimated specific fuel consumption and power saving. Since the specific fuel consumption is dynamic, the estimation is not accurate enough. In this paper, the model of the solar photovoltaic system based on real ship installation is studied by considering the dynamic change of specific fuel consumption. According to the working principle of the diesel generating set, the model is established from the mechanism, and the model is verified by the data of the real ship. The model can reflect the change of energy efficiency more accurately, and make a scientific and accurate assessment of the energy saving effect. Thus, the effect of reducing the CO2 emission of ships to protect the environment is achieved.
II. TOOLS OF EVALUATING THE OPERATION ENERGY EFFICIENCY
For the installation of the photovoltaic system modification ship, the energy efficiency operational indicator is still used [24] . This is because the IMO does not specifically introduce a new method to evaluate the operation energy efficiency. The energy efficiency operational indicator method is established to estimate the emissions of greenhouse gas emissions by means of emission factors [25] . The energy efficiency operational indicator is proportional to the emission of greenhouse gas and inversely proportional to the operation energy efficiency of the ship. The expression for the energy efficiency operational indicator of the particular voyage is
where J is the fuel type, FJ is the total amount of fuel consumed during the voyage, CJ is the carbon content in fuels of types J, m is the mass of cargo or passenger number in the ship according to the type of ship and D is the actual distance of the transport operation.
Since the marine main engine is the main fuel consumption equipment, the large ro-ro ship will affect the proper ship main engine fuel consumption after the installation of the photovoltaic system. The large ro-ro ship will lead to changes in the resistance of the ship navigation with the installed photovoltaic system. The added resistance is divided into two parts. The first part of the resistance is due to change in the total weight of the ship, which is affected by the photovoltaic system. The change of the total weight of the ship leads to the increase of the resistance of the ship. The second part of the resistance is due to the change of air resistance, which is affected by the solar panels installed on the top deck. With the increase of resistance, the marine diesel engine consumes more fuel in the premise of the original speed.
However, the weight of the photovoltaic system, which is lighter than the total weight of the ship, can be neglected. Increased air resistance due to increasing the area of the wind is negligible. The photovoltaic system on large ro-ro ships is not used for providing ship power requirements, but for providing daily electricity demand. Thus, this paper does not consider the influence of the installation and use of the photovoltaic system on the fuel consumption of the ship's main engine.
The fuel consumption of the marine generator diesel engine is a large part of the ship's fuel consumption, which is only inferior to the marine main engine. Because the photovoltaic system provides the daily electricity demand, the use of the photovoltaic system will directly affect the fuel consumption of the marine generator diesel engine. For the large ro-ro ship, which has an installed photovoltaic system, this paper only considers the change of fuel consumption in marine generator diesel engine. According to the above formula, the energy efficiency operational indicator of marine generator diesel engine is proposed as follows ae ae ae ae ae ae ,
where I is the energy efficiency operational indicator of marine generator diesel engine, ae is the fuel type of the marine generator diesel engine, Fae is the fuel consumption of the marine generator diesel engine (the unit is kg), Cae is the carbon content in fuels of type ae, D is the distance of the transport operation using the photovoltaic system, the unit is mile, fae is the fuel consumption of the marine generator diesel engine in unit time (the unit is kg/h), T is the time of the transport operation using the photovoltaic system (the unit is h), V is the speed of the transport operation using the photovoltaic system (the unit is knot) and m is the vehicle number of the transport operation.
For the large ro-ro ship, which was fitted with a photovoltaic system, the type of fuel, the carrying capacity and the transportation distance of the goods are relatively unchanged before and after using the photovoltaic system. However, the use of the photovoltaic system will change the fuel consumption of the ship. Therefore, the influence of the photovoltaic system on the energy efficiency operational indicator of the ship can be reflected by the influence of the photovoltaic system on the fuel consumption of marine generator diesel engine.
III. ENERGY EFFICIENCY MODEL OF GENERATOR DIESEL ENGINE
Large scale ship photovoltaic systems are different from terrestrial photovoltaic systems. This is because the ship power system is a mobile and independent grid platform, which is not as infinite as the grid of the land. According to the inherent characteristics of ships, a large marine photovoltaic system is established based on fully considering the system reliability, electromagnetic compatibility and using efficiency of energy factors. The large marine photovoltaic system is divided into an off-grid power generation mode and a grid connected power generation mode. The specific system structure is shown in Fig. 1 . Fig. 1 . Structure of the solar photovoltaic system for large ships.
When the marine diesel engine generator set is working, the heat energy is converted into mechanical energy by the diesel engine combustion of the diesel engine generating set, and the mechanical energy drives the generator to produce electricity with a cutting magnetic induction line. Generally speaking, the power of the diesel engine is related to the power of the generator
where Pelectric is the power of the generator (the unit is kW),
Pae is the power of the diesel engine (the unit is kW), η1 is the correctional power coefficient, P0 is peripheral accessory power loss (the unit is kW) and η0 is the total efficiency, including generator efficiency and turbocharger efficiency. Fuel consumption per unit time is shown in (4) 3 
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where ge is specific fuel consumption (the unit is g/kWh). The relationship between PV system power and the total load power is shown in (5) , sum solar electric P P P  (5) where Psum is the total load power (the unit is kW) and Psolar is the power of photovoltaic system (the unit is kW). The unit time fuel consumption can be acquired using (6) The energy efficiency model of the generator diesel engine was established, based on the MATALAB/Simulink simulation platform. The model is shown in Fig. 2 . The power of the generator diesel engine simulated the change of oil consumption with the change of PV penetration under 300 kW, 600 kW and 900 kW conditions. The photovoltaic penetration increased from 0 kW to the maximum power of 140 kW. The relationship between the oil consumption and the PV penetration is shown in Fig. 3 . As we can see in the Fig. 3 , the oil consumption is different under different generator power. When the generator power is 600 kW, the oil consumption is more than at a generator power of 300 kW, and less than at a generator power of 900 kW. Whether the generator is in the 300 kW, 600 kW, or 900 kW-with the increase of the PV penetration-oil consumption is gradually reduced.
IV. CASE STUDY
A representative large ro-ro ship in Fig. 4 is taken for our case study and is characterized by Table I . A comparison of the measured data and the calculation results of the model were needed in order to verify the accuracy of the model. According to (7) , the data needed includes the power of the generation diesel engine, fuel consumption per hour, the power of the photovoltaic system, etc. The instruments and measuring units used are described in Table II , and the method of installation for fuel measurement in Fig. 5 . The test is divided into 6 conditions and our data are measured for 15 minutes in each condition. One power supply mode is that we use the generator diesel engine supply electric power separately and the power of generator is 625.4 kW. The others used the generator diesel engine and the photovoltaic system to supply electric power corporately. The first condition exists with generator power at 625.4 and photovoltaic system power at 0. The second condition exists with generator power at 643.6 and photovoltaic system power at 18. The third condition exists with generator power at 597.0 and photovoltaic system power at 37. The fourth condition exists with generator power at 589.8 and photovoltaic system power at 50. The fifth condition exists with generator power at 550.0 and photovoltaic system power at 80. The sixth condition exists with generator power at 527.7 and photovoltaic system power at 120. The data we measured is shown in Table III .
The specific fuel consumption was calculated under the above six conditions according to the model, and were compared with the measured value as shown in Fig. 6 .
The change law between measured values and simulation values is consistent according to Fig. 6 . The oil consumption initially increases, and then decreases gradually. The reason for the increase of oil consumption is that the power of the generator increases, despite the use of photovoltaic system power. The reason for the decrease in oil consumption is that photovoltaic power is used to reduce the generator power. By comparing the EEOI obtained from the simulation and calculation of the energy efficiency model with the measured data, the accuracy of the model as shown in Table IV The table can effectively evaluate and predict the energy efficiency level of the generator diesel engine when using the photovoltaic system. The reason of error is as follows: firstly, the instrument itself has a certain error; secondly, there is room for human error in the measurement process; lastly, there is potential for error between the specific fuel consumption and specific fuel consumption of bench test, because of the abrasion to the diesel generator set.
V. CONCLUSIONS
Green ships as a global research topic has attracted the attention of the shipping industry. Countries also put more human and material resources into the green ships, so as to effectively achieve the goal of energy conservation and emission reduction in the shipping industry. With the continuous development of science and technology, the application of solar energy, wind energy and other new energy on ships has a unique advantage in energy conservation and emission reduction. There are many applications of new energy sources in the global shipbuilding industry, but there are still many problems worth studying in terms of the operation process.
In this paper, ship energy efficiency and greenhouse gas emissions based on the photovoltaic system on large ro-ro ships were studied. The influence of the photovoltaic system on ship energy efficiency was also analysed. The diesel generator energy efficiency model by simulation tool was established, as well as that the relative error range is less than 3.43 %. According to the actual measured values that the model can accurately evaluate the energy efficiency of electric diesel engines when using the photovoltaic system was verified.
However, the developed energy efficiency model in this study needs further investigation. Since many factors, such as solar illumination time, radiation intensity and photovoltaic array temperature, etc. will affect the power of the photovoltaic system, future research can bring these factors into the model. The corresponding outcome will be reported in due course.
